Abstract:
Objectives: The long non-coding RNA (lncRNA) IRAIN has been verified to have key roles in tumor biology. The aim of this study was to explore its expression and biological functions in human renal cell carcinoma (RCC) cells. Methods: Quantitative RT-PCR was applied to detect the RNA expression of IRAIN in RCC tissues and cell lines when compared with respective controls. MTT and flow cytometry methods were respectively used to monitor the cell proliferation and apoptosis of 786-O cells after IRAIN was overexpressed. Altered expression of cyclin D1 and Bax was determined by immunoblotting. Xenograft models were finally carried out to confirm the roles of IRAIN in RCC in vivo. Results: IRAIN expression was found to be remarkably decreased in RCC tissues and cell lines. Its overexpression in 786-O cells significantly inhibited cell proliferation and promoted apoptosis. We further demonstrated that cyclin D1 was reduced while apoptosis promoting protein Bax was elevated in IRAIN-overexpressed 786-O cells. Importantly, we found that IRAIN overexpression could suppress in vivo tumorigenesis of RCC, reflected by tumor volume and tumor weight measurement. Conclusion: IRAIN might serve as a novel tumor suppressing lncRNA and a potential therapeutic target in RCC treatment.
from Sangon Biotech, and the GAPDH was used for normalization. Data was collected in triplicate to assess the statistical significance.
Western Blotting
Cells were lysed using cell lysis RIPA buffer containing protease and phosphatase inhibitors. 30 μg of whole cell extracts were subjected to 11% SDS-PAGE gel and transferred to NC membranes. The membranes were blocked with 5% nonfat milk for 1 h at RT and then incubated with the cyclin D1 (1:1000), Bax (1:1000) and tubulin (1:5000) primary antibodies at 4°C overnight, followed by the incubation of the appropriate HRPconjugated secondary antibodies for 1h at RT. Finally, all blots were visualized with ECL and analyzed by ImageJ software.
MTT Assay
To assess cell growth, 24 h after infection with IRAINoverexpression lenti virus or control virus, cells were trypsinized and seeded in 96-well plates. At 24 h, 48 h and 72 h, 100 μl MTT (5l) were added to each well and the cells were incubated for additional 4 h at 37°C. After discarding the medium, 100 μl DMSO were added and the absorbance at 570 nm was measured by using a spectrophotometer.
Cell Apoptosis Assay
To assess late cell apoptosis, cells were seeded in a 60 mm dish. 24 h later, cells were infected with IRAINoverexpression either the lenti virus or the control virus. 48 h later, cells were harvested and fixed with cold 70% ethanol overnight. The next day, cells were washed twice with cold PBS, and incubated with 100 μg/ml PI and 0.5 μg/ml RNase A for 1 h at 37°C before subjecting to FACS analysis.
In vivo xenograft tumor growth
Four-week-old male nude mice [BALB/cA-nu (nu/nu)] were obtained from Nanjing Experimental Animal Center and maintained in SPF conditions. The mice were separated randomly into two groups and were subcutaneously injected with lenti virus-infected 786-O cells at each flank. Tumor volume was measured every week with a caliper found that IRAIN was downregulated both in leukemia cell lines and in blood obtained from high-risk acute myeloid leukemia (AML) patients, suggesting the anti-tumor activity of IRAIN in AML [11] . However, another report on non-small cell lung cancer (NSCLC) demonstrated the tumor promoting functions of this lncRNA, by promoting cell proliferation in vitro, while having almost no impact on apoptosis and migration [12] . The roles of IRAIN in RCC have not been recognized till now. The objective of this study was to show the expression and functions of IRAIN in RCC cells.
Materials and Methods

Patients & Tissues
30 pairs of RCC tissues and their adjacent non-tumor tissues were collected from patients in Huaihe Hospital of He'nan University from 2014-2015. The research was approved by the Ethics Committee of Huaihe Hospital of He'nan University, and written informed consent was obtained from all patients. All tissue samples were immediately frozen by liquid nitrogen and stored at -80°C until used.
Cell lines and Reagents
Human embryonic kidney 293T cells and renal cell carcinoma cell lines UOK117, 786-O and SN12 were cultured in proper medium with 10% FBS. The cyclin D1, Bax and tubulin antibodies were purchased from Cell Signaling Technology.
Lenti-Virus
The lenti virus containing the lncRNA IRAIN overexpression vector were purchased from the Genepharma Company, as well as the control virus. 786-O cells were infected by lentivirus with a MOI of 5 for 24 h.
Reverse Transcription and qRT-PCR
Total RNA from human tissues or cultured cells was extracted using TRiZol reagent and the cDNA was synthesized by reverse transcription. Quantitative realtime PCRs (qRT-PCRs) were carried out by SYBR green reagent on a ABI7500 system. Primers of IRAIN were Figure 1A , we found that IRAIN was remarkably reduced in RCC tissues compared with the matched normal renal tissues. Moreover, we detected the expression of IRAIN in several RCC cell lines, and human 293T cells were considered as the normal control cells. We also found that in RCC cell lines, which included UOK117, 786-O, SN12, IRAIN had significantly decreased expression when compared to that in 293T cells ( Figure 1B ). Among these cell lines, IRAIN levels were lowest in 786-O cells, hence we mainly carried out functional assays in 786-O cells. 
IRAIN impaired RCC cell proliferation and promoted apoptosis
Statistical analysis
All values were calculated by the SAS software v8 and Microsoft Excel 2003. Data were shown as mean ± SD. Differences between the groups were calculated using paired-or grouped-student's t-test. P values < 0.05 were considered statistically sig nificant. *: P < 0.05, **: P < 0.01.
Results
Reduced expression of IRAIN in RCC
To explore the role of IRAIN in RCC cells, we first examined its expression change in RCC tissues and cell lines. A total of 30 cases of RCC tissues (Tumor, T) matched with their adjacent normal counterparts (Normal, N) were collected. The expression of IRAIN was determined by qRT-PCR. GAPDH was used as the internal control. As shown in subcutaneous at two sides of the back. The tumorigenesis process in vivo persisted for 45 days. Every one week, tumor volume was calculated and growth curve was plotted accordingly ( Figure 3A) . Finally, tumors were stripped from the mice and tumor were weighed for the two groups ( Figure 3B ). The tumor growth curve showed that IRAIN overexpression led to reduced growth rate, and the final tumor weight showed that IRAIN overexpressed caused decreased mean tumor weight in this group. We further extracted total RNA from these tumors and demonstrated that IRAIN was truly overexpressed in the experimental group ( Figure 3C) . Therefore, the in vivo data strongly confirmed the tumor suppressing effects of IRAIN in RCC.
Discussion
RCC is currently the most common type of renal cancer and accounts for 3% of all adult cancers [13] . The most prevalent histological form of all RCC cases is the clear that IRAIN overexpression caused reduced proliferation capacity of 786-O cells. Additionally, we measured cell apoptosis rate by the flow cytometry technique. The result shown in Figure 2C illustrated that IRAIN overexpression significantly induced cell apoptosis in 786-O cells. Molecularly, we measured the protein expression of proliferation-related cyclin D1 and apoptosis-promoting protein Bax, and found that cyclin D1 was decreased in IRAIN-overexpressed cells, whereas Bax was elevated after IRAIN was overexpressed ( Figure 2D ). These results suggested that IRAIN was a tumor suppressor in RCC cells by inhibiting cell proliferation and promoting apoptosis.
The tumor suppressing effect of IRAIN in RCC cells in mice
Afterwards, we confirmed the above in vitro functions of IRAIN in xenograft models in mice. 786-O cells stably expressing IRAIN or blank control were injected IRAIN is a 5.4 kb non-coding RNA within the IGF1R locus, transcribed from an intronic promoter in antisense orientation. However, the functions of IRAIN remain largely unknown in malignancies. There is only one report characterizing its role in non-small cell lung cancer [12] . In their study, the expression level of IRAIN was remarkably increased in NSCLC tissues and connected with tumor size and smoking status. In addition, knockdown of IRAIN suppressed NSCLC cell proliferation in vitro [12] .
We focused on investigating the expression and function of IRAIN in RCC cells. Our data suggested that IRAIN expression was downregulated in RCC, including clinical specimens and cultured cell lines. Functional assays demonstrated that IRAIN could significantly inhibit cell proliferation and induced apoptosis. The molecular changes of cyclin D1 and Bax protein expression further supported the tumor suppressing roles of IRAIN in RCC cells. Importantly, our in vivo results finally confirmed cell type, called clear cell RCC, which accounts for 75% of cases [13] . Featured by inactivation of a critical tumor suppressor, von Hippel Lindau (VHL) [14] , clear cell RCC has been treated by targeting the VHL-hypoxia-inducible factor (HIF)-VEGF axis. LncRNAs have been found to be dysregulated in multiple cancers and to be important in the regulation of carcinogenesis, thus suggesting that this class of RNA transcripts may be used as biomarkers in cancer. LncRNAs have been found to participate in many different biologic processes, including basic processes like DNA epigenetic regulation, alternative splicing, RNA decay, transcription, translation, and functional processes like cell cycle control, apoptosis and cell differentiation [15, 16] .
Insulin-like growth factor 1 (IGF-1) signaling mediated by IGF1R is a crucial growth regulatory pathway, and its enhanced activation is thought to play a vital role in cancer cell proliferation, migration, and apoptosis. the anti-tumor activity of IRAIN in xenograft models. Nevertheless, there are still some questions need to be further answered. For instance, the contribution of IRAIN for metastasis behaviors of RCC cells remains unknown. Time permitting, we next would pay more attention to this regulatory aspect and discuss the impact of IRAIN overexpression or inhibition on RCC cell migration and invasion. Another concern is about the exact mechanisms of IRAIN on regulating cell proliferation and apoptosis in RCC. Although we showed that cyclin D1 and Bax proteins were both altered following IRAIN overexpression, the detailed mechanisms were unclear.
In summary, our results presented here illustrated that lncRNA IRAIN was decreased in RCC and functioned as a potential tumor suppressor by limiting cell proliferation and inducing apoptosis.
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